요 약. 새로운 산성 이온용액인1-(ω-sulfonicacid)propyl-3-methylimidazolium bromide ([HSO3pmim]Br)과 1-(ω-sulfonicacid)butyl-3-methylimidazolium bromide([HSO3bmim]Br)을 제조하였다. 이 화합물들을 브롬화 시약 및 용매로 사용하여 100 o C, 2시간 반응시켰으며, 간단히 상분리에 의해 1,7-dibromoheptane을 95% 수율로 합성하였다. 이 산성 이온용액을 5회 재사 용하였으나 수율 감소가 관찰되지 않았다.
INTRODUCTION 1,7-Dibromoheptane, an important pharmaceutical intermediate, is widely applied in the fields of pharmacy, bionic chemistry, petroleum, food and cosmetics, being commonly used in drugs, chiral macrocyclic ligands, long-chain fatty alcohol, and the synthesis of cationic surfactants. In the traditional synthesis methods, PBr 3 or HBr or NaBr or n-bromosuccinimide (NBS) or dimethylbromosulfonium bromide (DMBS) is usually selected as the brominating agent. [1] [2] [3] However, there are many disadvantages in the above methods, such as pollution to environment, difficulty in product separation and corrosion to equipment. At present some new methods for synthesizing halogenated hydrocarbons have been reported, [4] [5] [6] [7] in which ionic liquids are chosen as halogenated agents and solvents, with organic or inorganic acids as catalysts. These methods can avoid toxicity and corrosion of traditional halogenated agents, but the resulting environmental pollution still exists, because strong acids are still used as catalysts. To solve the above problems, in this paper, a novel ionic liquid, 1-(ω-sulfonicacid) alkyl-3-methylimidazolium bromide [HSO 3 Rmim]Br, is designed and prepared. As we know, ionic liquids usually have many particular properties, such as nonvolatility and nonflammability, and some may have acidity or even superacidity, which allow them to be good solvents and catalysts. In this brominating reaction for preparation of 1,7-dibromoheptane, [HSO 3 Rmim]Br has superacidity and is used simultaneously as brominating agent, catalyst and solvent. The reaction is considered as a green process with mild effects, in which a high product yield is reached, and the ionic liquid is easy to be recycled.
EXPERIMENTAL

Reagents and Instruments
Reagents, 1,7-Heptanediol,1,7-dibromoheptane, N-Hua Li, Juan Liu, Jiang Zhu, and Hongkai Wang methylimidazolium, 1,3-propane sultone, 1,4-butane sultone, were all of AR grade and were obtained from ALD-RICH Company with purities of 0.995 in mass fractions. CTAB, PBr 3 and HBr were obtained from Tianjin Chemical Reagent Co., Ltd., Nafion-CTAB/MCM-41 was prepared by us in the laboratory. Deionized water was used.
The GC spectrum of 1,7-dibromoheptane was tested by GC9800 gas chromatograph (ShangHai Gas Chromatograph Co., Ltd); IR spectrum was tested by Shimadzu IR2408; The 1 H NMR was tested by Bruker DPX-400 NMR Spectrometer.
Preparation of [HSO 3 pmim]Br
The synthesis process of [HSO 3 pmim]Br can be seen in Fig. 1 . Firstly, 1-(ω-sulfonates) propyl-3-methylimidazolium (2) was synthesized according to the procedures previously published. 8 Secondly, the resulting white compound (2) was dissolved in deionized water, after which, equimolar hydrobromic acid was added in incremental drops at room temperature, and then the temperature was increased to 70 o C and the reaction was performed at 70 o C for 3 h. After this reaction, the mixture was extracted by dichloromethane 3 times, and the extracts were consolidated and carefully evaporated to remove dichloromethane with a vacuum evaporator. The final solution was dried in a vacuum at 60 o C for 12 h and then [HSO 3 pmim]Br (3) was obtained. Ionic liquid [HSO 3 bmim]Br was prepared in the same way.
Preparation of 1,7-dibromoheptane
The synthesis of 1,7-dibromoheptane is shown in Fig. 2 . 1,7-Heptanediol and [HSO 3 pmim]Br, with a mole ratio of 1:2.5~3, were mixed and added into a 3-neck round bottom flask, and the reaction was run under the protection of N 2 at 100 o C for 1~2 hours. After the reaction was com-pleted, the solution became two phase, the organic phase and the aqueous phase could be separated by simple phase separation, and the aqueous phase which contains 1-(ùsulfonates)propyl-3-methylimidazolium (2) and unreacted [HSO 3 pmim]Br was treated to recycle [HSO 3 pmim]Br. In fact, to increase yield of product, the solution was washed by deionized water as soon as the system was cooled to room temperature, then the solution was extracted by cyclohexane to obtain the organic phase. Cyclohexane was evaporated from the organic phase and recycled, and the product 1,7-dibromoheptane was obtained. The purity of 1,7-dibromoheptane analyzed by gas chromatography is greater than 98% and the yield is 95%.
Regeneration and recycling of [HSO 3 pmim]Br
Seen from Fig. 2 , it can be found that [HSO 3 pmim]Br has been consumed and transformed to 1-(ω-sulfonates) propyl-3-methylimidazolium (2); (2) and unreacted [HSO 3 -pmim]Br are in the aqueous phase. To regenerate [HSO 3 pmim]Br, a certain amount of hydrobromic acid is added to the aqueous phase to make sulfonate (2) transform to [HSO 3 pmim]Br. And then the following post-treatment are the same as the procedures 1.2 and the process of regeneration and recycling is shown in Fig. 3 .
The characterization of [HSO 3 pmim]Br
The IR spectra of [HSO 3 pmim]Br is shown in Fig. 4 . As seen in Fig. 4 , waves 1195 and 1044 cm -1 are the characteristic absorption peaks of -SO 3 , and waves 3435 cm -1 is the characteristic absorption peak of -OH. Then the characteristic absorption peaks of C-H bonds in imidazole ring are at waves 3154 and 3110 cm -1 . C=C and C=N bonds have the characteristic absorption peaks at waves 1638 and 1575 cm -1 respectively. 
Analysis of 1,7-dibromoheptane
The purity of 1,7-dibromoheptane is analyzed by gas chromatograph. During the analysis, the chromatographic conditions are as follows: bmim]Br was chosen. CTAB could be chosen as the catalyst, because the reaction of synthesizing 1,7-dibromoheptane was a nucleophilic substitution reaction, and cationic surfactants could increase the reaction rate. 9 CTAB-Nafion/ MCM-41 mesoporous molecular sieve was selected as the catalyst, mainly for its strong acidity and the lower cor- Table 1 .
It can be seen from Table 1 that novel ionic brominating agents have a stronger reactive ability than ordinary covalent ones, which indicates Brof novel ionic brominating agents have a greater nucleophilic ability. From the experimental results of No.3 to No.6, it is shown that in the halogenated reaction of primary alcohol, the hydroxyl group is firstly protonated, because strong acids benefit removal of the hydroxyl group, thus, strong acids can be used as the catalysts. 10 Then a nucleophilic substitution reaction is performed, in which cationic surfactants can also enhance the reaction rate. Moreover, in the halogenated reaction of primary alcohol, the novel ionic liquid [HSO 3 Rmim]Br serves as bromination agent and catalyst as well as solvent; therefore both the reaction rate and the yield can be increased greatly.
Gas chromatogram of 1,7-dibromoheptane: Standard gas chromatogram of 1,7-dibromoheptane and the gas chromatogram of 1,7-dibromoheptane we synthesized can be seen in Fig. 5 and Fig. 6 respectively. By comparing the areas of peaks as well as the locations of peaks, the product obtained is obviously high in purity. IR spectrum of 1,7-dibromoheptane: The IR spectrum of 1,7-dibromoheptane is shown in Fig. 7 . As seen in Fig.  7 , wave 2930 cm -1 indicates the asymmetric stretching vibration of methylene, while wave 2858 cm -1 indicates the symmetric stretching vibration of methylene. Waves 1460 cm -1 and 1230 cm -1 are the flexural vibration of methylene and carbon-hydrogen bonds in -CH 2 -Br respectively. H NMR spectrum of 1,7-dibromoheptane: 1 H NMR spectrum of the prepared 1,7-dibromoheptane is shown in Fig. 8 , and the spectrum analysis results are shown in Table 2 .
Recycling of ionic liquids
Under optimum conditions, the recycling of catalyst [HSO 3 pmim]Br is studied, and the results are shown in Fig. 9 . As seen in Fig. 9 , the yield of 1,7-dibromoheptane decreases from 95% to 94% after the catalyst was recycled five times, which indicates that catalysts still maintain good selectivity and activity after recycling.
CONCLUSIONS
Novel ionic liquid, 1-(ω-sulfonicacid)alkyl-3-methylimidazolium bromide [HSO 3 Rmim]Br, can serve as a nucleophilic reagent in the brominating reaction, because it has higher reactive activity and lower corrosion than the traditional brominating agents, namely, it is a stable and environmentally friendly catalyst.
Novel ionic liquid, 1-(ω-sulfonicacid)alkyl-3-methylimidazolium bromide [HSO 3 Rmim]Br, serves a brominating agent, a catalyst and a solvent in the brominating reaction.
Novel ionic liquid, 1-(ω-sulfonicacid)alkyl-3-methylimidazolium bromide [HSO 3 Rmim]Br, serves as a green solvent. It can also greatly simplify the 1,7-dibromoheptane separation process, because the solution becomes two phase after reaction, then the organic phase containing 1,7-dibromoheptane can be separated by simple phase separation, and the aqueous phase which contains 1-(ωsulfonates)propyl-3-methylimidazolium and unreacted [HSO 3 pmim]Br is chemically treated to recycle [HSO 3 pmim] Br.
Novel ionic liquid, 1-(ω-sulfonicacid)alkyl-3-methylimidazolium bromide [HSO 3 Rmim]Br, can be recycled, the yield of 1,7-dibromoheptane remains constant after the catalyst is recycled five times, which indicates that catalysts still maintain good selectivity and activity after recycling. In Table 2 , what do "A, B, C and D" stand for are as follows: 
